ABSTRACT.
ork is an important meat source in the daily life of many people. With the development of nutrition science, high-quality and healthful pork is requested by consumers. While most fresh pork is not evaluated for its quality characteristics in the current market, it is sold just according to its place of production. It is well known that meat quality can be affected by many factors, such as feed ingredients and the feeding process, environmental conditions such as housing temperature and humidity, and other conditions such as genetics, sex, breed, the production system, fasting, pre-slaughter conditions, the stunning method, the slaughter procedure, etc. (Rosenvold and Anderson., 2003; Čandek-Potokar and Zlender, 1998) . Large variations can exist even among pigs that were reared in the same location and with the same feed. Therefore, it is necessary to carry out quality evaluations of fresh pork.
Traditional quality evaluation methods are expensive and time-consuming. On the other hand, NIR spectroscopy shows a great potential to replace the expensive and timeconsuming chemical analysis of meat composition (Prevolnik et al., 2004; Andrés et al., 2007) . Several studies have been carried out on the chemical composition of pork by transmission or reflectance mode (Lanza, 1983; Horiuchi et al., 1999; Tøgersen et al., 1999; Chan et al., 2002; Barlocco et al., 2006 , Savenije et al., 2006 , and some research on pork color using NIR reflectance mode has been reported (Chan et al., 2002; Cozzolino et al., 2003; Geesink et al., 2003; Čandek-Potokar et al., 2006 , Savenije et al., 2006 . In addition, other physical characteristics have also been investigated (Horiuchi et al., 1999; Chan et al., 2002; Barlocco et al., 2006; Čandek-Potokar et al., 2006 , Savenije et al., 2006 . However, very few attempts have been made to evaluate general pork quality using interactance mode. The previous reports also have some problems, such as low accuracy, destruction of pork samples, uniform size and shape of samples, etc.
The objective of this study was to investigate the potential of visible and near-infrared spectroscopy with fiber optics in interactance mode to evaluate pork quality characteristics including color, chemical composition, and other physical characteristics in intact, random thickness pork loin samples.
MATERIAL AND METHODS

MATERIALS
The longissimus thoracis (LT) muscle, between the 6th and 13th thoracic vertebrae of the right half of the carcass, was taken as the sample. The two adjacent sliced fresh pork loins were taken from each carcass. A total of 212 sliced samples (random thickness: 5 to 25 mm) dissected from 106 carcasses (about 24Ăh after slaughter) in the Central Research Institute for Feed and Livestock (Tsukuba, Japan) were used. For each carcass, one sample was used for the NIR experiments, and the other one was used to evaluate the chemical and physical characteristics. The samples for the NIR experiments were packed in low-density polyethylene film and then transported at low temperature (15°C) to the nondestructive evaluation laboratory.
VISIBLE AND NIR SPECTROSCOPY MEASUREMENT
NIR spectra of the sliced pork sample were acquired with a research-type instrument (NIR System 6500, Foss NIR P Figure 1 . NIR measuring position of a sliced pork loin sample vacuum-packed in low-density polyethylene bag.
Systems, Eden Prairie, Minn.) using an interactance fiber optic probe. The interactance probe has a concentric outer ring of illuminators and an inner portion of receptors (Saranwong et al., 2003) . Since the experiment was designed to detect quality characteristics, the scanning range was 400 to 1100 nm at 2 nm intervals. For each pork sample, NIR measurements were made at three positions, as shown in figure 1. Position "a" was the center of the sliced pork loin sample, and the position line of "a," "b," and "c" was nearly parallel to the backfat. Prior to NIR measurement of each pork sample, a Teflon sphere (8 cm diameter) was measured as a reference. During the NIR measurement, the sample was covered with a piece of black cloth to seal out external light. In order to eliminate the effect of temperature, the pork samples were held in a 25°C water bath held for at least 25 min and covered with a thin polyethylene sheet before NIR measurement (Khuriyati et al., 2004) .
COLOR MEASUREMENT
Color was evaluated on the freshly cut surface and measured by visible and near-infrared spectroscopy. The meat color was expressed in terms of CIE values for lightness (L*), redness (a*), and yellowness (b*) (CIE, 1986) using a spectrophotometer (SE2000, Nippon Denshoku). The average of three measurements was used to determine the colorimetric indices of chromaticity ( 2 2 * * C* b a + = , quantity of color) and hue (H* = tan -1 (b*/a*), real color) in each sample.
CHEMICAL ANALYSIS
The water and intramuscular fat content were determined using minced pork loin from the same sample that was used to carry out the NIR experiment. The chemical analyses were performed in accordance with the measurement guidelines of the fat analysis method (Tutumi, 1992) . Three grams of minced pork loin were used at the sample, and the intramuscular fat (IMF) content was determined by Soxhlet extraction, in which ethyl ether was adopted as the extraction solvent. For each sample, triple analyses were carried out, and the mean was taken as the chemical value. The meat moisture was determined as the weight loss of duplicate 2 g samples after drying at 135°C ±2°C in a vacuum oven for 2 h (Tutumi, 1992) . Crude protein was estimated from nitrogen (N × 6.25) using the Kjeldahl technique (AOAC, 1990) .
OTHER PHYSICAL CHARACTERISTICS
The pressure method of Wierbicki and Deatherage (1958) was used to measure the water-holding capacity (WHC), which is expressed as the ratio of muscle area to total area. A freshly cut piece of about 400 to 600 mg was taken as the sample. It was placed on filter paper, positioned between the Plexiglas plates of a compression and tensile testing machine (SV-201, Imada, Japan), and pressed with a uniform velocity to 35 kg, which was maintained for 1 min. The extension rate is the ratio of extended meat film area divided by its weight.
Drip loss was measured by removing water from the carcasses over an extended period of time. The carcasses were cut transversely from the longest muscle of the back into slices of 2 cm thickness, and then cut into 5 × 3 × 2 cm cubes and weighed (W1). The cubes were placed into food-grade plastic packs with filter paper under the sample. The packs were tied and placed in a refrigerator at 4°C for 168 h, and then weighed again (W2). The weight loss (W1 -W2)/W1 was the drip loss.
The ultimate pH of the pork samples was determined at approximately 24 h after slaughter in the minced lean of the loins using a portable pH meter equipped with a penetrating electrode (PH/cond meter, D-54, Horiba, Japan). The pH meter was inserted into the minced loin, and the mean of there measurements was recorded as the ultimate pH of the samples.
DATA ANALYSIS
The data were analyzed by using the Unscrambler software package (version 9.6, Camo, Oslo, Norway). The average spectra of each sample were calculated by averaging the raw spectra measured at the three positions shown in figureĂ1. Since the pretreatment method of Savitzky-Golay smoothing has better results than that of the second derivative (Hu et al., 2007b) , the spectra were smoothed by Savitzky-Golay (left and light averaging = 20 nm, polynomial order = 2) in order to avoid noise and complexity in the spectra. Partial least squares (PLS) regression was performed to make an optimum calibration model (Saranwong et al., 2001) . A tentative calibration model was made with full crossvalidation to find outliers, and then the outliers were removed. The remaining data were divided into a calibration set and a validation set. The calibration set was used to build the calibration model, and the validation set was used to evaluate the performance of the calibration model. Figure 2 shows the average visible and near-infrared interactance spectra in the 400 to 1100 nm region of the pork loin samples that were vacuum packaged in low-density polyethylene bags. There were three broad bands, with two (454 and 570Ănm) in the visible region (400 to 750 nm) and one (982Ănm) in the NIR region (750 to 1100 nm). In the visible region, the spectra from 400 to 700 nm are due to the absorption associated with respiratory pigments, principally myoglobin or deoxymyoglobin (Cozzolino et al., 2000; Cozzolino et al., 2003) . The absorption band in the nearinfrared at 982 nm is related to the OH second overtone. Table 1 summarizes the descriptive statistics of the quality characteristics of the fresh intact pork loin samples. After removing the outliers, the calibration and validation sets were separated. From the table, the color CIE L*, CIE a*, IMF, and WHC have bigger variation than the other quality parameters.
RESULTS AND DISCUSSION
EVALUATION OF COLOR CHARACTERISTICS
Wavelengths from 400 to 800 nm were applied to perform calibration of the color indicators. Table 2 shows the visible spectroscopy for CIE L*, CIE a*, CIE b*, chroma, and hue values in the intact pork loin samples. The correlation coefficients and root mean standard errors of prediction (RMSEP) of previous color indexes were 0.87 to 0.94 and 0.09 to 1.30, respectively, while low accuracy was obtained in previous research (Cozzolino et al., 2003; Čandek-Potokar et al., 2006) . Based on the t-test results, all predicted color characteristics have no significant differences from the measured values. Visible spectroscopy can predict the meat color well. Figure  3 shows plots of the predicted and measured CIE L* values 
EVALUATION OF CHEMICAL COMPOSITION
Wavelengths from 700 to 1100 nm were used to build the model of IMF, moisture, and protein. In order to improve the calibration model, wavelength region optimization was per- formed by changing the wavelength region at 50 nm intervals. The results are shown in table 2.
As for the chemical composition of pork, high correlation coefficients and low prediction errors were achieved with the PLS model. The correlation coefficients for IMF, moisture, and protein were 0.98, 0.89, and 0.97, respectively. In addition, their SEP values were 0.59, 0.52, and 0.29. All RPD values for chemical composition were larger than 1.95, and the RPD of protein was larger than 3. Based on t-tests, no significant differences were found between the predicted values and measured values. Therefore, rapid, nondestructive, and accurate detection of pork chemical composition can be accomplished by near-infrared spectroscopy.
EVALUATION OF OTHER PHYSICAL CHARACTERISTICS
The model for other physical characteristics was built using the near-infrared (700 to 1100 nm) region. Modified partial least square regression was used to find the optimal calibration equation. The results were not very satisfactory, but they were better than the results of Chan et al. (2002) . The correlation coefficients for WHC, drip loss, and pH were about 0.76 to 0.83, and the R of extension rate was only 0.38. The values predicted by NIR spectroscopy can act as an important reference for physical characteristics. According to the results of Hu et al. (2007a) , the color and chemical composition mainly determine pork quality. Even though the WHC, drip loss, pH, and extension rate cannot be predicted well, visible/NIR spectroscopy has feasibility in making rapid, nondestructive, and accurate evaluation of pork quality.
CONCLUSION
This study indicates that visible/NIR spectroscopy has the feasibility to predict color, IMF, moisture, protein, and other physical characteristics of fresh pork loin. NIR spectroscopy using interactance mode can perform accurately with intact pork loin samples vacuum-packed in low-density polyethylene film. The color and chemical composition can be evaluated very accurately. It is possible to make rapid, nondestructive, and accurate pork quality evaluation using visible and near-infrared spectroscopy.
